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(54) Bit rate detection dicult and atgorithm for optical networics 



(57) A receiver nan optical nelwoik with a t>it rate 
detectnn circuit for automatically detecting input signal 
data bit rates to automatically adjust ttie frequency of a 
voltage controlled oscfllator in ttie receiver is disctosed. 
The receiver has a data rate detection and frequency 
adjustment dicuit which automatically d^ects ttfe data 



rate of an Input s^nal and automatically adjusts the fre- 
quency of the VCO in the receiver in accordance with 
the data rate of the input signal. The data rate detection 
and frequency adjustment circuit detects the data rate 
of the Input signal t>y converting the input signal into a 
DC voltage value that varies with respect to the data rate 
of the input signal. 
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Description 

[0001 ] This invention relates generally to bit rate d^cction circuits for optical networte, and in particular, to methods 
and bit rate d^ection circuits for automatically detecting data bit rates to enhance end-to«nd transparency and sup- 

5 press jitters in opticai n^works. 

[0002] In a wawelenglh-division muUpiexing (WDM) and ertrium-doped fit>er amplifier (EDFA) optical network system, 
jitters accumulate in tite system as transmitted data pass through different modules in the system, and such accumu- 
lation of jtters affects the end-to-end transparency of ttte WDM system. As jitters accumulate in a system, the error 
rate in ttte system also increases, and a typical dkiital system may tolerate only 1 0-^^ error rate. To suppress the jitters 

10 that occur in optical n^woiks, optcal n^orks typically empk>y dock and data lecovery (COR) circuits to extract and 
regenerate dock signals and retime the data by using the extracted dock signal. 

[0003] Rg. 1 illustrates a prior art receiver 1 0 in an optical network for receiving transmitted data signals. The receiver 

10 indudes a photo diode 11 , a k>w-fK>ise amplifier 12, a limiting amplifier 13 and a CDR drcuit 15. The photo diode 

1 1 receives optical input data s^nals emanating from an optcal fiber and converts the optical light energy in the input 
IS data signals into a k)w-level electrical current whch can be used to produce electrical signals. The tow-noise amplifier 

1 2 receives the knv-level signal current from the photo dkxle 1 1 and amplifies the signal so that additional processing 
will not add signScarrtly to the noise in the signal. The low-noise amplifier 12 converts the low-level signal current into 
a voltage signal for sulisequent processing. A transimpedance eimplifier 20 shown in Fig. 2a may be used as the low- 
noise amplifier 12. In adcStion, the low-noise amplifier 12 reduces the bandwidth of the signal outputted by the photo 

20 diode 1 1 . Basically, the kMHroise amplifier 1 2 fundkxis similar to a tow pass filter except that the tow-noise amplifier 
12 has amuch h^her cutoff frequency than atypical hNv pass filter, e.g., 2.8 GHz. 

[0004] The limiting amplifier 1 3 receives the output of the k>w-noise amplifier 1 2 and serves to buffer the receiver 1 0 
from process variatnns and changes in signal strength. The limiting amplifier 13 also performs noise shaping. The 
limiting amplifier 13 contains either a limiter or an autoinatk>gain-contiDl dicuit to provMe a proper signal level to the 
25 CDR 15, regardtessot the oulput power of the tow-noise amplifier 12. The Hmiting amplifier 13 outputs a constant-level 
outputvolta9e,Voonstirtl»ihputvoltage level is aboveacertainthreshokivahie,Vlh, as shown in Fig. 2b. Thus, even 
if the input signal has tow ampOlude and power, the Iniiting amplifier 13 will bring the input signal up to a proper 
amplitude and power level 

[0005] Ttie CDR 15 recovers the timing infomiatton from the input data signal and samples the input data stream 
30 from the Bmiting amplifier 13 at an appropriate timing or instant Fig. 2c illustrates a btock diagram of a typtoal CDR 30 
whtoh may be used for the CDR 15. The CDR 30 uses a phase-lock loop (PIL) 31 to recover the dock from the Input 
data signal. The CDR 30 mdudes an edge d^edor 3S. a phase-tock toop (PLL) 31 and a decision drcuit 36 which 
may be a D flipflop. The PLL 31 indudes a phase detedor 32, a toop filter 33 and a vdlage controlled osdilator (VCO) 
34. The output of the PLL 31 is inputted into ttie dedston drcuit 35. 1 n the CDR 30, the edge detector 35 first receives 
3S ttie Inputdata signal, andthenttie input-data derivedsignalfrom the edge detedorSS is inputted into the phase detedor 
. 32whtohtuiidk>nsasamixertoheIerodynetheedge-ctolededlnputsignaldowntott»baseband.Thephasedetecto 
32 receives the input-data derived signal from the edge detedor 35 and a dock sigrfal outputted by the VCO 34 and 
produces a vdlage proporltonal to the phase difference beAiveen the input-^lata derived si^ 

35 and the dock signal from ttie VCO 34. The output cf ttte phase detector 32 is inputted into the loop filter 33, and 
40 theloopfiIter33outpulsacontrDlsignalwltidicontro!stttedockof ttte VCO 34. The dtova process is repeated until 
the phase dglenamt is driven to zero (Le.. until the finequency or phase difference between the input data s^nal and 
the dock signal of the VCO 34 is near or at zero). 

[0006] !n(Mierword5,tliePLL31basicanytrBdisthephaseoftheedgedeiectedsignalbyusingthephasedetector 
32 to produce a ptese-error signaL fBters ttte phase-error signal with the toop filter 33 and adjusts the frequerwy of 

4S ttteVC034by usaig ttte faieredsigrtal so ttiat ttte frequency of ttte VCO 34 is synchronized to ttte Input data rate (i. 
e., tlie data rate or frequency 01 the input signal). The output of the VCO 34, whch is the regenerated dock signal of 
the input data signal, is inputted intothededston dicuit 36 which may be a Dflipflop sothatthe input data is sampled 
at a corred rate. In other words, assuming the dedston drcuit 36 is a DfGpAop, the output of the VCO 34 is inputted 
into the CK (dock) input of the D ffipflop so that the input data s^nal received by ttie D fl^flop is retimed or sampled 

so at a corred frequency. 

[0007] AWwughtheprioraitrecelverlOfuncttonsproperly if the input data rate is fixed at a certain frequency such 
as 1 55 Itlbps or 1 .25 Gbps, the prior art recehrer 1 0 wiD have probleriis prooesdiig ttte iriput data signal if ttie frequeit^ 
(rf ttie input data signal (Le., btput data rate) varies over a wide range because the frequency of ttie VCO 34 needs to 
beseiaHa rale ttiat a pp r oxim ately matches ttte frequency of the input data signal. Fi>r example, if the input data rate 
ss is2.5Gbpsandttiefrequencyof ttie VCO is set at ISSMHz, the receiver 10 waint^ be able to process the input data 
signal because the PLL 31 wiD not tock with the Input signal since the frequency of the VCO is totally m ismatched with 
the input agnal dala rate. A VCO havirq a dock frequency of 1 55 MIHz will nd be able to produce a dock s^nal having 
a frequency d 2£ GHz. 
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However, in toda/s communication systems, signal data rates vary over a wide range from 125Mbps to lOGbps.TTius, 
if the prior art receiver 1 0 is used to receive input data signals that have widely varying frequency rates, ttie frequency 
of the VCO 34 needs to be manually changed every time to approximately match the input signal data rate if the 
frequency of the input signal changes dramatically, and such resetting of the VCO frequency can be a cumbersome 
5 process which may hinder the smooth operation of the receiver 10. 

[0008] Therefore, there is a need for a receiver that automatically detects the frequency of the input data signal, 
adjusts the frequency (rf the VCO automatically with respect to the changes in the frequency of the input data signal, 
Eind retains the transparency of the input data while suppressing jitters. 

[0009] It is the ot^ect of the present invention to provide a receiver in an optical network with a bit rate detection 

10 circuit for automatically deeding input signal data bi rates to automatically adjust the frequency of a voltage controlled 
oscillator in the receiver, which obviate for practical purposes the above mentioned limitations. 
[001 0] A receiver in accordance with an embodiment of the present invention has a data rate detection and frequency 
adjustment circuit which automatically detects the cteta rate of an input signal and automatically adjusts the frequency 
of a VCO in the receiver in accordance with the data rate of the input signal. 

IS [0011] The receiverfirst receives an input signal through a photo diode. The photo diode outputs a low level current 
corresponiHng to the nput signal, and a low noise amplifier converts the low level cunent into a voltage signal for 
subsequent processing. A Ibniting amplifier receives the output of the low-noise amplifier and serves to buffer the 
receiver from process variations and changes in signal strertgth. The limiting amplifier outputs a constant level voltage 
if the input voltage is atMve a certain threshold. 

20 [0012] The data rate detection and frequency adjustment circuit receives the output of the limiting amplifier to deter- 
mine the data rate of the Input signal. A low pass filterfirst filters out high frequency components from the input signal, 
including white and thermal noises present in high frequencies. An AC power meter converts the output from the low 
pass filter nto a DC voltage value which changes with respect to the data rate of the input signal. A logarithmic amplifier 
receives the DC voltage value and converts the DC voltage value to another DC voltage value such that the new DC 

25 voltage value is linear with respect to the changes in the data rate of the input signal. Thus, signals with different data 
rates produce dnierent output DC voHages. A controller receives the output DC. voltage from the logarithmic amplifier 
and determines the data rate of the input signal based on the value of the DC voltage. Since the value of the DC voltage 
outputted tiy the logarithmic ampBfier varies with respect to ttie data rate of the input signal, the controller is able to 
accurately determtife ttte data rate. After determining the data rate, the controller changes the frequency of the VCO 

30 to match the data rate of the input signal so ttiat a dock and data recovery drcuit in the receiver is able to properly 
process the input data signal. 

[0013] Other features and advantages of the inventkm will become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings whch illustrate, by way of example, various features of embod- 
iments of the invention. 

3s [0014] The above oi^ed, features and advantages of the present invention will become more apparent from the 
fdlowing ddailed ttesaip B on when taken in conjundkm with the accompanying drawings in whtoh: 

Fig. 1 is a btocfc degram of a prior art optical network receiver. 
Fig. 2a is a schematic d a transimpedance amplSier. 
40 Fig. 2b shows the output ^nal of a ItmSir^ampSfter. 

F^ 2c is a biDcfc dfegram of a dock and data recoweiy drcuit. 

Fig. 3 is a bkxk diagram of an optkal network receiver in accordance with an emtx>diment of the present invention. 
F^ 4 shows an NRZ signal produced by a limiting amplifier. 
Fig. 4a aiustrates a power spedral density of an NRZ signal. 
^ Fig. 5a Blustrates a normalized power spedral density of a low pass filter and an output signal of a limiting amplifier 
in accordance with an entiodbnent of ttie present invention. 

Fig. 5b BhistrBies a power spedral densi^ of an output signal of the low pass filter in accordance with an embod- 
iment of the present inventkm. 

Fig. 5c illustrates a normafized power spectral density of the low pass filter and an output signal of a limiting 
so ampStier in accordance with an entwdiment of ttie present invention. 

Fig. 5d aiuslrates a power spedral density d an output signal of the low pass filter in accordance with an em^ 
iment of the present inventkm. 

Fig. 6 Bhistraies the output d an AC power meter in accordance with an emtiodiment of the present Invention. 
Fig. 7 is a schcmatc diagram of a logarSfimk: arnpliTter in accordance with an emkxxliment of the present invention. 
ss Fig. 8 Slitstrates the output d ttie togarilhinc amplifier. 

[00151 ^ 3 iDuslrates a stnidure d an optical network receiver 100 in accordance with an embodiment of the 
present inventkm. The receiver 100 indudes a photo dwde 110, a low noise amplifier 120, a limiting amplifier 130, a 
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data rate detection and frequency acQustment ciicutt 200 and a CDR 180. The data rate detection and frequency 
adjustment circuit 200 comprises a low pass filter 140, an AC power meter 150, a logarithmic amplifier 160, and a 
control circuit 170 

[0016] The photo diode 110 receives optical input data signals emanating from an optical fiber and converts the 
5 optical light energy in the input data signals into a low-levei electrical cun'ent which can be used to produce electrical 
signals. The lo«MMNse ampiaier 120 receives ttte low-level signal cunnent from the photo diode 110 and amplifies the 
signal so that addtional processing will not add signSicantty to the noise in the signal. The low-noise amplifier 120 
converts the low-level signal current into a voltage signal for subsequent processing. 

[0017] A transvnpedance amplifier 20 shown in Ftg. 2a may be used as the low-noise amplifier 1 20. In addition, the 
10 low-noise amplifier 1 20 reduces the bandwidth of the signal oulputted by the photo diode 110. Basically, the low-noise 
amplifier 120 functions sinrilarly to a low pass filter «cept that the low-noise amplifier 120 has a much higher cutoff 
frequency than a typical low pass fitter, as discussed above. 

[0018] The limiting amplifier 130 receives the output of the low-noise amplifier 120 and serves to buffer the receiver 
100 from process variations and changes in signal strength. The limiting amplifier 130 also perfonns noise shaping. 
'5 The limiting amplifier 130 contains either a limiter or an automatic-gain-control circuit to provide a proper signal level 
to the CDR 1 80 and the low pass filter 140, regardtess of the output power of the low-noise amplifier 1 20. The limiting 
amplifier 1 30 outputs a constant level voltage (VconsQ if the input voltage level is above a certain threshold value (Vth), 
as shown in Fig. 2b. 

[0019] In most of intensSy modulatior>-direct d^ecUon (IM-OD) optical network systems, Non-Return to Zero (NRZ) 
20 fomiat is used for the baseband signals. Fig. 4 shows an NRZ signal which may be produced by the limiting amplifier 
130. The NRZ spinal shown in Fig. 4 has an ampiiude of *A', a period of T, and a data rate of 'r* = All signals 
outputted tiy ttie limiting ampfifier 130 lias an amplitude of 'A' because the limiting amplifier 130 outputs a constant 
level voltage if tfie input voltage levels above a certain threshold value. Fig. 4a shows a power spe<^ral density of an 
NRZ signal, which measures ttie power of tfie signal with respect to frequency. The power spectral density function for 
25 the NRZ signal is given by the following equation: S(l) = ^ sinc2(fT) = (A^) sinc^W). It is to be noted that In Fig. 4a 
the highest power level is so if the frequency of an NRZ signal Increases, the peak power level decreases pro- 
portionally since r = 1/T. As shown in Fig. 4a. vast m^rity (approximately 99%) of the s^nal power is limited to fre- 
quencies under l/T Thus, all signal components hawing frequencies higher than ^fT does not contribute significantly 
to the power of an NRZ signal. 

30 [0020] TheoutputoftheBnntinganiplifier 130 isinputtedinto thelow passfilter 140. Thetowpass filter 140 has a 
system function of h(Q whnh after fbuiiertianslbrm is equal to H(f) (i.e., F(h(t)) = H(f)). 

x(t) = the output <rf the lim&frig amplifier 130; 
F\}(t) = the auto correlalkm functmn of x(t); 
35 F(F^t)) = S(^ = the power spectral density functkm of x(t) = A?Tsin(^fT); 

t>(t) = ttie pow er spectral density function of the output of the low pass filter 140 = s(t) * h(t); * = convolutton; 
F(b(4) = B(l) = S(f) X IHtOI^- Thus, the power spectral density function of the output signal of the tow pass filter 
140 is equal to X IH(f)P. 

40 P021] Rg. 5a shows a nonnalizedp«wer spectral dens&y SI (f) of an output signal x1(t) of the lirrntinganrplifier 130 
and the system functkm H(f) of tlw hiw pass filer 140. A curve 200 represents the power spectral density S1 (f) and a 
curve 21 0 represents Hffi whch has a cutoff frequency of tcutoff. The output signal x1 (t) has a data rate of Y 1 ' (i.e. , 
r=f1).ThepeakvalueofS1(l)lsA^ andi^ >1. When S1(f) passes through the low pass filter140 with the system 
functkm (rf H(Q, the k>w pass filter 140 outputs B1 (Q whk^ is equal to S1 (f) x H(f) (i.e., B1 (f) is a power spectral density 

45 functtonof ttie output signal of the tow pass filter 14IQ. F^Sb shows the power spectral dertsityBI^ represented by 
a curve 220. As shown by the curve 220. the tow passfilter 140 filters out all frequency components atxwe fcutoff from 
S1(0. 

[0022] Fig. 5c shows a nomiaiized power spectral density S2(f) of an output signal x2(t) of the limiting amplifier 1 30 
and the system function H{Q of the low pass fitter 140. x2(t) has a data rate of (r = f2 and f2 » f 1 ) and is represented 
so by acurve235.TI)epeakvaiueof S2(f) is A^and/^/f2 < 1. When S2(0 passes through the low pass filter 140 with 
the system fundfon of H(l), the tow pass fflter 140 outputs B2(Q which is equal to S2(f) x H(0. Fig. 5d shows the power 
spectral dens9y 02^ represented by a curve 240. As shown by the curve 240, the low pass filter 140 filters out all 
frequency components above fcutoff from S2(f). 

[0023] Ttte AC power m^er 150 receh^es the output signal of th e low pass filter 1 40, and outputs a DC voltage that 
55 represents ttie bital power present in the output signal of the tow pass fitter 1 40. The AC power meter 1 50 first performs 
the fbUowing function: 
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TOTAL_POWER(r) = the total power present in the output signal of the low pass 
3 filter 140= £^B(/)# = f^S(/)# = i^^sinc'A^ = ^f 
r = the input data rate. 

10 [0024] TOTAL_POWERequalstheareaunderthecurveofB(f)whichrepresentsthetotalpoweroftheoutputsignal 
df the low pass filter 140. As shown by the equation above, TOTAL_POWER(r) decreases as the input data rate 'r* 
Increases. 

[0025] After calculating TOTAL_POWER, the AC power meter 1 50 then calculates a Vnns value which represents 
TOTAL_POWER and outputs a DC voltage value which represents the Vrms value. In certain emt>odlments of the 
» present invention, the Vhns value and the output DC voltage are calculated by using the following equation: 



TOTAU_POWER = ^ ; R = 1Q, 



Mns = JTOTAI^POWER 
and the output DC vottage representing the Vkms value = Vnns. 

p)026] ACOLIT(r) = the DC voltage value which represents the Vnns value = the output of the AC power meter 
ISO; r = the Input data rate. 

[0027] Ttievalueof ACOUT(r)dependsonthedatarateoftheinputsignalasshownbyTed>le 1 below. Forexample, 
as shown by Figs 5b and Sd, the area under the cunre B1(f), represented by a shaded region 225, is greater than the 
area under the cuive BeCQ, represented by a shaded region 245, since ^1 > A%. Thus, the TOTAl^POWER for 
the input data rate <rf f1 is greater than the TOTAU_POWER for the input data rate of 12. As a result, ACOUT(f1) is 
greaterthan AC0in'(i2). In other words, the value of ACOUT(r) changes in accordance with the data rate of the input 
signal received fay the receiver 100. l&ble 1 lists some ocempiary values for ACOUT based on the input data rate. 



TABLE 1 



Input Data Rate 


ACOUT(r) 


125 Mbps 


1612mV 


155 Mbps 


1346mV 


200 Mbps 


llOOmV 


G22Mbps 


459mV 


1200 Mbps 


276mV 


2500 Mbps 


176mV 



pX)28] As shown by Table 1, the value of ACOUT decreases as the input data rate increases because 
TOTAL_POWER also decreases as ttie input data rate increases. Therefore, the data rate detection and frequency 
so adjustment ciicu3 200 is al>le to detect ttie data rate of the input signal t>ecause ACOUT changes with respect to the 
data rate. 

[0029] The values for ACOHJT{t) are not linear with respect to the data rates of ttie input signals, as shown in Fig. 6. 
A cuive 250 represents the output of the AC power m^, ACOUT(t), with respect to the input data rates. The log 
ampSfier 160 receives the output of ttie AC power meter 1 60, ACOUT, and linearizes ACOUT with respect to the Input 
ss data rates. Fig. 7 shows ttie logarttvncanipfifier 160. The logarithmic ainplifier 160 recent ACOUT thrw 

R1 and is connected to a re fe rence volt^. Vr^, through a r^istor R2. The output of the logarithmic amplifier, VL(xn-> 
is computed as follows: 



20 

then 
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VLou,<r) = K Log (11/12) where II =ACOUT(r)/R1, 12 = VpEp/FG and K = 

constant 

5 

[0030] By aiQusiing the values for Vr^, R1 and R2, the output of the logarithmic amplifier 160, VL^xjr> ^ 
adjusted. In pr^erred embodiments of the present invention, the values for V^^, R1 and R2 are adjusted such that 
Vl-our is linear with respect to the data rates of the mput signals. Fig. 8 shows VLgur ^''^ respect to the input data rate. 
[0031 ] The control circuit 1 70 receives the output of the log amplifier 1 60. In preferred emt>odlments of the present 
10 Invention, the control circuit 170 may be a microprocessor, a CPU or a controller. The control circuit 1 70 contains a 
pred^eimined data table which Dsls various values for VLour ^nd the conesponding input data rates. Table 2 lists 
some exempiaiy values for VLqui- and the corresponding input data rates. 



TABL£2 



Input Data Rate 




12SMbps 


2140mV 


155 Mbps 


1721mV 


200 Mbps 


1411mV 


622 Mbps 


1Q21mV 


1200 Mbps 


592mV 


2500 Mbps 


152mV 



25 

[0032] The control ciictiit 170 receives the output of the log amplifier 1 60 and d^rmines the data rate of the Input 
signal by r^renctng the pred^ennined data taUe since difterent data rates produce different values for VL<xjr- ^^'^ 
example, as shown In Table 2, if the output erf the log amplifier 160 Is 2.0V, then the data rate of the input signal Is 
determined to be 155 Mbps. If the value for VLtxrr *s lined in the predetermined table, the corresponding Input 

30 data rate Is fnlnilatf** by interpolating the data in the predetennlned table. After determining the input data rate, the 
controller 170 ai^usts the frequency of the VCO in the CDR 1 80 to match the input signal data rate by sending a control 
signal to the VCO to ai^ust Its frequency accord i ngly. The COR 180 functions similarly to CDR 30 explained above. 
Thus, the receiver 100 automaticany determines the input signal data rate and automaticaDy adjusts the frequency of 
the VCO in CDR 180 to match the input signal data rate so tttat the PLL in CDR 1 80 will form a \ock with the input signal. 

3s [0033] Another advantage of the present invention is that the data rate d^edion and frequency adjustment circuit 
200 in accordance with prefetred embodiments of the present irwention only needs to process low frequency signals 
t>ecause the low pass fSter 140 fitters out high frequericy signals. Ther^bre, the eriitxxjirnerits of the pre^^ 
saves design and f a »r fca lion costs forthe data rate dnlBrlionaiMl frequency adjustnientdrcuit 2^ 
ctrcuitiy that deals with high frequency signals does not need to be biduded in the data rate detection and frequency 

^ adjustment ciicua 200. 

PNi94| In addition, the data rate detection and frequency adjustment circuit 200 reduces the noise present in all 
frequencies of the input signals, including white and thermal noises, because the low pass filter 140 filters out all 
frequencies above fcutoff, nducfing the noise present in the frequencies atxivefcutoff. Tlius, the data rate d^ection 
and frequency ai^ustment circuit 20O of the present invention accurately detenmines the input signal data rate since 
^ the low passfSter 140remowes all noisespiesent inthefrequencies al>ovefcut(M. The data rate detection and frequency 
acQustment dicuit 200 only needs to deal with the noise present in the frequencies below fcutoff, thereby increasing 
the accuracy of the data rate detection. 



so Claims 

1. A receiver for processing input data signals in an optical network system, said receiver comprising: 

a pMto diode for receiving the input data signals emanating from an optical fiber, each of the input data signals 
ss having a data rate; 

an ampfflier for ampBiying the input data signals to a proper VDltBge level; 

a dock sni iteta recovery dicuit (CDR) for regenerating the input data signals by extracting clock infonnation 
from ttie input data sicpiais; and 
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a data rate d^ecdon dicuit for deteimining the data rate of each of the input data signals by deteimfning a 
power present in each of the input data signals. 

2. The receiver of daim 1 , wherein the data rate detection circuit adjusts an output frequency of a phase lodt loop 
in the CDR so that the output frequency approximately matches the detennined data rate of each of the input data 



3. The receiver <rfclain1, wherein the data rate detection drcuit comprises: 

a low pass filler for filtering out high frequency components from each of the input data signals and outputting 
a low frequency components in each of the input data signals. 

4. The receiver of darn 3, wherein the data rate detection drcuit further comprises: 

an AC power for detemnining the power present in each of the input data signals by calculating the total 
power present in the low frequency components in each of the input data signals, 

wherein ttie AC power nneter outputs a voltage signal which is a function of the total power present in the 
low frequency components. 

5. The receiver of dabn 4, wherein the data rate detection drcuit further comprises: 

a control circuit for d^ermining the data rate of each of the input data s^nals based on the voltage signal 
outputted by ttte AC power m^er and for outputting a control signal to adjust a frequency of a voltage controlled 
osdBator bi ttie CDR to approximateiy match the detennined data rate. 

6. The receiver of dakn 5. wherein the data rate detection drcuit further comprises: 

a logarOhmic amplffier for linearizing the voltage signals outputted by the AC power meter with respect to the 
data rates of the input data signals. 

7. The receiver of dain 4. wherein the amount of the total power present in the low frequency components is de- 
pendent on the data rate of each of tlie bnput data signals, and the total power is calculated by the following equation: 



pass filter and B(f) = a powver spectral density function of the low frequency components 
of the input signals. 

8. The receiver of daim 7, wherein the AC power meter calculates the output voltage signal by calculating a Vrms 
value representBig the total power. 

9. The receiwerof dafen 4, wherein the voltage s^piai outputted by the AC power meter is Inversely proportional to 
the data rale of each of ttie input data signals. 

1 0. The receiver of daim 5, wherein the control dicuit d^ermines the data rate t>y comparing the output voltage signal 
to predetefniined voltage signals conresponding to predetermined data rates. 

11. A receiver for processing signals in an optical n^work, said receiver comprising: 

a ptwto ifiode for receiving input data signals emanating from an optical fiber, each of the input data signals 
liaving a data rate; 

an ampiaierfor anpG^fing the mput data signals to a proper voltage level; 

a dodc and data reoovny dreuit (CDR) tor extracting clock signals from the input data signate and retiming 



signals. 




vvttere fcutoff = a cutoff frequency of the low 
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the input data signals based on the eaCtracSed clodc signals, said CDR including a phase lock loop (PLL) with 
a voltage controlled oscillator (VCO) for regenerating the extracted dock signals; and 
a data rate detection dicuit for d^ermining the data rate of each of the input data signals and adjusting a 
frequency cH the VCO to ^iprDxnnately match the data rate of each of the input data signals. 

5 

12. The receiver of dam 11 . wlieiein the data rate detection dicuit comprises: 

a low pass filter for receiving the input data signals from the amplifier and filtering out high frequency compo- 
nents from each of the input dab signals, said hw pass filter outputting low frequency components of each 
10 of the input data signals; and 

an AC power meter for calculating total power present in the low frequency components of each of the input 
data signals and outputting a voltBge signal representing the total power. 

13. The receiver of daim 12, wherein the data rate detection drcuit further comprises: 

15 

a controller tor deleimihingttie data rate of each of the input data signals based on the voltage signal outputted 
by the AC power m^er and for sending a control signal to change the frequency of the VCO in accordance 
with the d^ermined data rate, 

20 wherein the voltage signal is a tunctnn of the data rate of each of the input data signals. 

14. Tfte receiver of daim 13, where the data rate detection drcuit further comprises: 

a k>garithnac amplSier for linearizing the voltage signals outputted by the AC power meter with respect to the 
25 data rates irf the input data sgnals and outputting tfie linearized voltage signals. 

15. The receiver of dahi 12, wherein ttw total power is calculated by the following equatton: 



the total power = £ ^(fW whore fcutoff = a cutoff frequency of the low 

pass filter and B(0 = a power density function of the low frequency components of the 
input signals. 



16. The receiver of daim 12, wherein ttie AC power meter cak»jlates the output voltage signal by cakulating a Vnnns 
*o value representing the total power. 

17. The receiver of dann 12, wherein the voltage signal outputted by the AC power meter is inversely proportional to 
the data rate of each of the input data signals. 

^ 18. The receiver (rf dani 14, wheiein ttie controller detenmines the data rate by comparing the output voltage s^nal 
to prede te imined voBage sgnals corresponding to predetemnined data rates. 

19. The receiver of dain 13, wherein the controller is a microprocessor. 

so 20. The receiver (tf dain 11, wherein the FtJ. includes a phase detedor and a loop filter. 

21 . A mdhod of deteimining a data rate of an Input data signal in an optk»l network system, sakJ method comprising 
the steps of: 

55 filtering out high frequenqr components from the input data signal and outputting low frequency components 

of the nqiut data signal; 

cakulating a power present in the low frequency components of the Input data signal; and 

outputting a voltage signal vMch is a function of the power present in the low frequency components of the 
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input data signal. 

22. The method of daim 21 , wherein the amount of the povver present in the low frequency components is dependent 
on the data late of the input data signal. 

5 

23. Tliem^hod of daim 21, further comprising the step of: 

determining the data rate of the input data signal based on the outputted voltage signal, 
10 wherein the outputted vollage signal is a function of the data rate of the input data signal. 

24. The method of daon 23, further comprising the step oT. 

linearizing the outputted vollage signal with respect to the data rate of the input data signal. 

15 

25. The m^lKxl of daim 24, wherein tlw data rate of the input data signal is determined by comparing the linearized 
output voltage signal to predeteimined voltage signals corresponding to predetennined data rates. 

26. The m^hod of daim 25, further comprising tfw step of: 

20 

outputting a oontid signal to adjust a frequency of a voltage controlled osdllator based on the determined 
data rate. 

27. A data rate detection ctrcuft for determining a data rate of an input data signal, said data rate detedion drcuit 
2s comprising: 

a low pass fSter for fOtertng out high frequency components from the input data s^nal and outputting a low 
frequency compo n ents in the input data signal; and 

an AC power m^erfor ddermining a power present ttie low frequency components of the input data signal 
30 and for outputting a volt^e signal which is a function of the power present in the low frequency components 

of the input data signal, 

wherein the amount of the power present in the low frequency components is dependent on the data rate of 
the input data signal 

35 

20. The data rate detection drcuit of daim 27, furttier comprising: 

a control dicuit tor deteimiriing the data rate of tfie input data signal based on the voltage signal outputted by 
the AC power meter. 

40 

29. The data rate detection drcuit of daim 28, further contifHising: 

a logarttlmic ampliner for linearizing the voltage signal outputted ty the AC power meter with respect to the 
data rale of ttie input data signal. 

45 

30. The data rate detection circuit of davn 29, wherein the control drcuit determines the data rate tiy comparing the 
output voltsge signal to predetennined volt^ signals corresponding to predetermined data rates. 

31 . Tfie data rate detection dicuit of daim 27, wherein the voltage signal outputted by the AC power meter is inversely 
so propoitional to ttie data rate of the input data signal. 



9 



EP1 187 373 A2 



11 




12 

/ 




13 

/ 


PHOTO 
DIODE 




LOW NOISE 
AMPURER 




UMITING 
AMPURER 



(PRIOR ART) 

FIG. 1 



10 



EP1 187373A2 




FIG. 2A 



VbUT 




FIG. 2B 



11 



EP1 187373A2 



to. 










O 


LxJ 


»— 




O 
UJ 






Q 



< — 



12 



EP1 187 373 A2 



O 
00- 



CO 

o 




o 



o 

CM- 







to 






LIMITING 
.MPLIFIEI 


-[^ 


OW PAS 
FILTER 




C POWE 
METER 













ISE 


UJ 


OuI 


z 


_J 


LOW 


AMP 



T 

o 

L n. 



o 

lO 




T 

o 
o 

CM 



J 




13 



EP1 187373 A2 




EP1 187 373 A2 




FIG. 5A 




FIG. 5B 



15 



EP1 187373 A2 





5D 



16 



EP1 187373 A2 



OUTPUT 



VOL 



2.5V--, 



AGE 



250 



r55M 



INPUT 
DATA [bps] 
2.5G RATE 



FIG. 6 



R1 

ACOUT «AAA- 



160 

/ 

LOGARITHMIC 
AMPURER 



Vref 



R2 

■AAAr- 



' ► VLouT 

FIG. 7 



17 



EP1 187373 A2 




FIG. 8 



18 



